Objective: To investigate psychological and behavioral responses to the threat of SARS-CoV-2 infections and their associations with public perceptions in China Design: Cross sectional population-based telephone survey via random digital dialing between 1 and 10 February, 2020 Setting: Wuhan (the epicentre and quarantined city), and Shanghai (a typical major city with close transportation link with Wuhan) Participants: Random sample of 510 residents in Wuhan and 501 residents in Shanghai aged above 18 Main outcome measures: Anxiety (measured by the 7-item generalized anxiety disorder [GAD-7] scale), recommended and avoidance behaviors (engaged in all six behaviors such as increasing surface cleaning and reducing going out).
Introduction
In December 2019, coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in Wuhan city, China. 1 As of Feb 16, 2020, a total of 70,548 COVID-19 cases with 1,770 deaths had been reported in mainland China. 2 The outbreak has now spread to twenty-five countries outside of China. 3 On Jan 31, 2020 (Beijing Time), the World Health Organization (WHO) declared the coronavirus outbreak a public health emergency of international concern (PHEIC). Since Jan 23, 2020, the Chinese government has put Wuhan and several nearby cities under quarantine, hoping to stop the disease from spreading to other parts of the country. However, millions of people had left Wuhan before the lockdown because of the approaching Spring Festival holiday.
Containment measures in the COVID-19 outbreak have focused on identifying, treating, and isolating infected people, tracing and quarantining their close contacts, and promoting precautionary behaviors among the general public. Therefore, the psychological and behavioral responses of the general population play an important role in the control of the outbreak. Previous studies have explored on this topic in various culture settings with SARS, 4, 5, 6 pandemic influenza A(H1N1), 7, 8, 9, 10 and influenza A(H7N9). 11, 12, 13 Cultural differences are evident in public responses. 14, 15 Behavioral changes are also associated with government involvement level, perceptions of diseases, and the stage of the outbreak, and these factors vary by diseases and settings. 4, 5, 8, 16 The current COVID-19 outbreak provides a unique platform to study behavioral changes for two main reasons. First, government engagement in the control of the outbreak has been unprecedented, for example, locking down Wuhan and surrounding cities, building new hospitals to treat infected patients in Wuhan within two weeks, extending holidays and school closure, deploying thousands of medical staff to heavily affected areas, and running intense public messaging campaigns. Second, the public are faced with rather mixed information, partly because knowledge of the newly emerging disease is evolving with the course of the outbreak. For example, the national technical protocols for COVID-19 released by the National Health Commission have been updated five times within a month. Both features might result in different public responses towards the outbreak. In this study, we aimed to investigate psychological and behavioral responses to the threat of COVID-19 outbreak and to examine public perceptions associated with the response outcomes in mainland China.
Methods

Cross-sectional telephone survey
A population-based telephone interview was carried out between 1 and 10 February, 2020.
The cities of Wuhan and Shanghai were selected to represent diverse exposure intensities to the threat of SARS-CoV-2 infection. Wuhan is the hardest-hit city to date, the city where the virus originated, and the earliest city put under quarantine. By contrast, Shanghai is one of the largest cities in China, and was estimated to have received the largest number of infected travelers from Wuhan. 17, 18 Before our survey, Wuhan confirmed 3,215 cases, 19 accounting for 27.3% of all cases across China; 20 Shanghai reported 153 cases, 68 (44.4%) of them from nonlocal residents. 21 Figure 1 illustrates the timeline of the outbreak progression compared with our survey dates.
The survey was conducted by well-trained interviewers with 1,011 residents of Wuhan (n=510) and Shanghai (n=501) using a computerized random digital dialing system. The sample size provided us with a sample error of 5%. Proportional quota sampling based on age and sex was used to ensure a demographically representative sample of the general population in each city. Calls were placed three times at different hours on the same day before being classified as invalid. Local residents who were aged 18 years and above and were currently living in the selected cities were eligible to participate. Verbal informed consent was obtained from all participants. Figure S1 presents the flow chart of participant recruitment.
Ethical approval was obtained from the institutional review board at School of Public Health, Fudan University (IRB#2020-TYSQ-01-1).
Anxiety
Anxiety was assessed using the 7-item Generalized Anxiety Disorder Scale (GAD-7). The tool is a brief self-reported scale that has demonstrated good reliability and validity in the general population. 22, 23 Participants were asked to answer how frequently they had been bothered by various symptoms over the past two weeks. The scale accordingly produced a summary GAD scores ranging from 0 to 21. Respondents that scored 10 and above were identified as having moderate or severe level of anxiety. 22 
Behaviors
Participants were asked three questions about recent avoidance behaviors (avoided eating out, avoided taking public transportation, and reduced visits to public places) and another three about recommended behaviors (rescheduling travel plan, increasing surface cleaning, and maintaining better indoor ventilation) in response to the outbreak. All questions were phrased as "during the past week, did you ever … because of the novel coronavirus outbreak".
Possible responses for each question were yes or no.
Three sets of questions were asked to collect information about preventive behaviors in usual days before 31 December 2019 when an unknown pneumonia outbreak related to the later identified SARS-CoV-2 was firstly reported, and then in the past week. The first two sets of questions regarding the frequency of wearing a face mask when going out and the frequency of handwashing immediately when returning home. Response options were never (scored as 1), rare (2), sometimes (3), usually (4), always (5), or did not go out. The top reasons for wearing a face mask in usual days and in the past week were collected. Respondents who did not always wear a face mask in the past week were also required to provide a most possible reason. The third set of question concerning handwashing duration with five responses categories from short to long (1 score to 5 scores), for less than 10 seconds, 10-19 seconds, 20-39 seconds, 40-59 seconds, or 60 seconds and above, respectively. Respondents whose answers for behaviors in the past week scored higher than those in usual days were categorized as increased frequency or duration of the aforementioned behaviors.
To capture possible over-reaction of the public, a supplementary question was asked "In the past week, have you ever purchased or tried to purchase goggles for the purpose of protection against infection with SARS-CoV-2?" with two possible responses (yes or no).
Perceptions
Five items were used to assess whether participants believed that certain measures would reduce their risk of catching COVID-19, with possible response options being ineffective (1), even (2), or effective (3). The first three items (frequent handwashing, wearing a face mask, and avoiding going out) were consistent with the advertising campaign run by the government.
The last two items (washing mouth with salty water, and taking vitamin C or a product of the traditional Chinese medicine, isatis root) were considered as misinformation by medical experts. Participants answered effective in all first three items and ineffective in both of the last two items were categorized as having correct perceived efficacy of behaviors.
Four items assessed perceived threats of the novel coronavirus. Participants were asked "how likely do you think you will contract novel coronavirus infection over the next month" with five responses from very unlikely (1) to very likely (5) , and "how serious do you think the novel coronavirus infection would be if you contracted it" with five options from very mild (1) to very serious (5) . Participants were also required to report relative transmissibility and severity compared with SARS in 2003 with five response categories being much lower (1), lower (2), similar (3), higher (4), or much higher (5) .
Three items assessed how well informed were the public. Participants were asked "whether you have received and read the information brochure about the novel coronavirus from the government and medical experts" with two response options (yes or no). They were then required to provide response to the statement "information that I received about the novel coronavirus outbreak is sufficient" with five options from strongly disagree (1) to strongly agree (5) . To assess the impact of mixed information during the outbreak, participants were asked to report the frequency that they felt confused or bothered about the reliability of the information that they received. Response options ranged from never (1) to always (5) .
The confidence of the public was assessed by asking if they agreed with the statement "I believe that I can take measures to protect myself against the novel coronavirus" with five response options from strongly disagree (1) to strongly agree (5).
Personal characteristics
Personal characteristics were collected in the following dimensions: sex, age, working status, perceived household income level, whether experienced symptoms (cough and fever) during the past two weeks, whether has friends or relatives with symptoms in the past two weeks, and whether there had been confirmed or suspected cases of novel coronavirus infections in their neighborhood.
Analyses
Analyses were carried out in Stata version 14 for Windows. Descriptive analysis of the aforementioned responses was performed to report the counts and frequencies, stratified by cities. Differences across cities were examined using t tests for dummy variables and Chisquare or fisher's exact tests (when applicable) for variables measured by a Likert scale. The primary outcomes were moderate or severe anxiety (GAD-7 score ≥10), and whether respondents engaged in all recommended and avoidance behaviors. Multivariate logistic regression models were first used to estimate associations between personal characteristics and primary outcomes. These models adjusting for personal characteristics were then used to investigate associations between perception variables and primary outcomes. Perception variables were included in the form of continuous scores.
Patient and public involvement
Public were involved in this study as participants of the telephone survey.
Results
Sample characteristics
Overall, 18,576 randomly generated digital numbers were selected and called. Of these, 7,341 calls answered; of these, 5,650 declined the participation invitation, 505 were ineligible, 185 dropped before completion, leaving 1,011 respondents successfully completed the interview.
The response rate was 13.8% (1,011/7,341) ( Figure S1 ). Participants in Wuhan (34.5%) reported a much higher rate of living in neighborhood with confirmed or suspected novel coronavirus cases than those in Shanghai (6.4%) ( Table 1 ).
Anxiety, behavioral outcomes and perceptions
A total of 167 (32.7%) respondents in Wuhan and 102 (20.4%) respondents in Shanghai were identified to have moderate or severe anxiety (Panel A Table 2 ). The prevalence was significantly higher in Wuhan (p<0.001). The mean GAD-7 scores were 7.1 and 5.1 in Wuhan and Shanghai, respectively (p<0.001).
In total 401 (78.6%) Wuhan participants and 320 (63.9%) Shanghai participants engaged in all six recommended and avoidance behaviors due to the novel coronavirus outbreak (Panel B Table 2 ). A high compliance rate of above 90% was observed in all other behaviors in both samples, except for increased surface cleaning, which was driving the significant observed differences in behavioral responses between the two cities (Table S1 ). Frequencies of washing hands immediately when returning home, wearing a face mask when going out, and duration of handwashing significantly increased in both cities during the outbreak (Panel B Table 2 ; Figure 2 ). We found no statistically significant differences in changes of the first two aforementioned behaviors. By contrast, more respondents reported longer duration of handwashing in Wuhan (p<0.001). Moreover, a significantly higher proportion of Wuhan respondents reported purchasing or trying to purchase goggles for prevention purpose (p=0.009).
Overall, 12.7% Wuhan participants responded with correct perceived efficacy of behaviors. The proportion was significantly higher (p=0.004) in the Shanghai sample (19.4%) (Panel C Table 2 ). Generally, Wuhan respondents reported significantly higher self-perceived risk (p=0.033) of contracting novel coronavirus than their counterparts in Shanghai; however, their perceived severity and relative transmissibility to SARS were significantly lower (p<0.001).
No differences were found between the two cities in terms of perceived harm to body compared with SARS. Moreover, respondents aged 40 and above, who presumably have clearer memory of SARS, had higher (p<0.001) perceived relative severity than those aged 18-39 in Shanghai; similar findings were not found in Wuhan (Table S2 ).
Around 96.1% Wuhan respondents had received and read the information brochures of the novel coronavirus from the government or medical experts. The proportion was significantly lower (p<0.001) but still very high in Shanghai (89.0%). The majority of the respondents in both cities thought that the information that they received was sufficient, without discernable differences. By contrast, the Wuhan respondents were significantly more often confused about the reliability of the information that they received (p=0.003); only 31% respondents in Wuhan never felt bothered about this issue, while the corresponding figure in Shanghai was 42.9%. The majority of the participants agreed or strongly agreed with having confidence on taking measures to protect themselves. We detected no statistically significant differences across cities in this domain.
Personal variables associated with psychological and behavioral responses
The largest positive and significant effects on moderate or severe anxiety were from participants with confirmed or suspected cases in their living neighborhood (odds ratio 1.9, 95% confidence interval 1.3-2.8) ( Table 1 ). Compared to low income individuals, those with median income were less likely to suffer moderate or severe anxiety (odds ratio 0.6, 0.4-0.9).
Furthermore, Shanghai participants were significantly less likely to report moderate or severe anxiety (odds ratio 0.6, 0.5-0.8) or carry out all recommended and avoidance behaviors (odds ratio 0.4, 0.3-0.6) than Wuhan participants. We found no evidence that sex, age, educational attainment, working status and marital status were closely associated with psychological and behavioral responses during the novel coronavirus outbreak.
Perception variables associated with psychological and behavioral responses
We found that higher perceived risk and severity of contracting the novel coronavirus, higher perceived relative transmissibility and harm to body to SARS, and more confusion about information reliability were all significantly and positively associated with reported moderate or severe anxiety during the outbreak (Table 3 ). In contrast, stronger self-confidence was significantly associated with lower risks of moderate or severe anxiety.
For behavioral responses, increases in anxiety levels, perceived risks and harms to body relative to SARS, and confusion about information reliability were significantly associated with higher probability of carrying out all recommended and avoidance behaviors during the outbreak ( Table 3 ). For increases in frequencies of immediate handwashing behavior when returning home, the factor that exerted the largest impact was having received and read information brochures from the government, followed by having correct perceived efficacy of behaviors (Table S3 ). Higher perceived harm to body compared with SARS was the only factor with significant explanatory power for goggles purchase behavior. We found no evidence that perceptions and anxiety levels were associated with changes in frequencies of wearing face masks during the outbreak (Table S3 ).
Discussion
We conducted a population-based telephone survey via random digital dialing to investigate anxiety levels, changes in precautionary behaviors and public perceptions among Wuhan and Shanghai residents during the early phase of 2019 novel coronavirus. Around of 32.7% Wuhan and 20.4% Shanghai participants reported moderate or severe anxiety; 78.6% Wuhan and 63.9%
Shanghai respondents carried out all six precautionary behaviors due to the outbreak. Wuhan residents were significantly more responsive than their Shanghai counterparts in the two aforementioned outcomes. Our results suggested that perceived risk and severity of the disease as well as information reliability were important factors associated with the psychological and behavioral responses.
Our study provides new evidence on psychological and behavioral response to disease outbreaks by comparing public response in two cities under various exposures to the early phase of the COVID-19 outbreak. The results are an important addition to previous literature in several dimensions. First, the findings suggest that anxiety levels and precautionary behaviors have changed rapidly and dramatically in both studied cities during the early stage of the outbreak, regardless of their quarantine status. The prevalence of moderate or severe anxiety has been 4-5 times of its normal level in urban China; 24, 25 the percentage of always wearing a face mask surged from 9.2-12.2% in usual days to 76.1-85.5 during the past week ( Figure 2) ; preventing illness and virus has been the most evident reason for such a drastic change ( Figure S2) ; and the main reason for those not always wearing a facemask after the outbreak was the face-mask shortage. These results contradict to findings in UK during the influenza A(H1N1)pdm09 pandemic, 7 but are consistent with and much sizeable than those in Hong Kong during SARS and influenza A(H1N1). 4, 8, 10 Second, our results suggest that more responsive behavioral changes observed in this study were associated with the strong involvement from the Chinese government during the control and prevention of coronavirus than voluntary avoidance behaviors reported previously. 5,9,26,27, Measures such as temporary closing down public transportation in Wuhan and imposing punishment for passengers not wearing a face mask on metro in Shanghai have fueled the high compliance rates with government recommendations (Table S1 ) and perceived efficacy of these behaviors (Table S4 ). These polices are also responsible for the limited observed heterogeneity in uptake and changes of precautionary behaviors. For example, we find that no perception variables exerted a statistically meaningful effect on increased face mask wearing frequency (Table S3 ).
Third, we provided evidence for unwarranted precautionary behavior in coping with a novel disease, which was less documented in the literature. 5 Around 28% Wuhan and 21% Shanghai respondents reported having purchased or having tried to purchase goggles for infection prevention. According to the National Health Commission experts, goggles are unnecessary protective equipment for people other than medical staff on the front line of coronavirus outbreak. However, goggles were sold out nationwide shortly after a doctor wrote on social media and suspected that lack of eye protection in early investigation of the outbreak might have led to his infection. Our results showed that the irrational behavior was mainly driven by perceived higher severity than SARS and the over-reaction was more prevalent in Wuhan (Table S3 ).
Fourth, perceived susceptibility and severity of the coronavirus were higher compared with studies regarding other diseases. After translating our results into comparable scales, we found that the perceived chance of infection (12.5-18.6%) was higher than that during H7N9 in urban China (1.0-2.6%), 11 and SARS in Hong Kong (3.9-14.3%); 4 and the relative severity to SARS was four times higher than that of H7N9 in urban China (8.9-11.4%). 11 Though higher perceived risk and harm of coronavirus positively associated with favorable responses in behaviors, it also led to significantly higher anxiety levels among the general public.
Our findings also yield several important public implications. First, providing the public with reliable and accurate information is crucial for addressing the psychological effects of contagious disease outbreaks. Public confusion about the reliability of information that they received might have led to significantly sustained anxiety. About 57.1-69.0% individuals were ever bothered by this issue, and the prevalence of this issue was significantly more common among people subject to quarantine in Wuhan, suggesting stronger desire for facts. 28 Second, consequences of misinformation could be long-lasting and should not be underestimated in health crisis management. 7, 29 Although efficacy of behaviors supported in advertising campaign was well received, rumors that have been proved wrong earlier during the SARS outbreak, for example, washing mouth with salty water, or having vitamin C or radix isatidis, still found their audience. Only 24.6-37.9% respondents in our study correctly considered these measures as ineffective (Table S4) ; the correct rate was significantly lower in Wuhan.
Finally, awareness of hand hygiene in China has been low, which calls for more handwashing education in the community. We found that the proportion of handwashing duration over 40 seconds as recommended by WHO only slightly increased from 17.3% to 37.6% during novel coronavirus outbreak. 30 Fortunately, having received and read information brochures was positively associated with longer handwashing duration (Table S3 ), suggesting education programs will be effective for addressing this issue.
Our study has a number of limitations. First, in order to investigate public response rates in the immediate aftermath of the major public health crisis, we shortened our survey questionnaire and chose to use random digital dialing with quota sampling to obtain demographically representative samples for both selected cities. We deliberately selected out times of handwashing as a key behavior measure, although it is widely discussed in the literature. Because people have largely reduced going out during the extended national holidays while embracing remote work, resulting in less times of handwashing than in usual days, which makes this measure less valid. Second, we asked respondents to recall some of their behaviors in usual days before December 2019. Their answers might suffer recall bias.
Conclusions
In conclusion, it is seen that psychological and behavioral responses to COVID-19 had been dramatic during the rising phase of the outbreak. Prevalence of moderate or severe anxiety were 4-5 times of its normal level in urban China. The majority engaged in all six recommended and avoidance behaviors. Wuhan, the epicentre and quarantined city, was significantly more responsive in the aforementioned domains than Shanghai. Tremendous government efforts in control and prevention of the disease were associated with sizable changes in face mask wearing. However, confusion about information reliability significantly fueled the public anxiety levels, and public awareness of hand hygiene was less optimal. Our results support efforts for timely dissemination of accurate and reliable information and to focus more on handwashing education. 
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